




































































































substrate stabilization. Table 3 gives a matrix of upland plants based on the 

same 361 species. Data include: (a) best propagule types and propagule col­

lection periods, temporary storage requirements, and planting periods; 

(b) species range, heights, growth habits, wildlife value, salinity toler­

ances, and pertinent remarks on cultivation value, pest species, and habitat 

occupation; (c) and species occurring on dredged material and their availabil­

ity from commercial sources. Tables 4 and 5 present pertinent information 

beneficial to site planners of wetland habitats, including: recommended prop­

agules, planting and storage techniques, ranges, soil tolerances, moisture 

requirements, wildlife value, nuisance potential, soil stabilization abili­

ties, and pertinent remarks on individual values and benefits to be derived 

from each species. A total of 115 species, selected for their ability to grow 

on wetlands sites, are listed. Table 6 gives an alphabetical, grouped listing 

(by scientific name and authority) of the 1,120 species occurring on dredged 

material. 

60. Lawson, D. E., et al. 1978. "Tundra Disturbances and Recovery Following 
the 1949 Exploratory Drilling, Fish Creek, Northern Alaska," CR 78-28, US Army 
Engineer Cold Regions Research and Engineering Laboratory, Hanover, N. H. 

A 1949 drill site in the Naval Petroleum Reserve Number 4, Alaska, the 

Fish Creek Test Well 1, was examined in August 1977 to determine the distur­

bance caused by drilling activities and to analyze the response and recovery 

of the vegetation, soils, permafrost, and surficial materials to that distur­

bance. Man-made disturbances include bladed and unbladed vehicular trails, a 

winter runway, excavations, pilings, remains of camp structures, steel drums 

and other solid waste, and hydrocarbon spills. The most intense and lasting 

disturbance to the vegetation, soils, and permafrost resulted from bulldozing 

of surface materials, diesel fuel spills, and trails developed by multiple 

passes of vehicles. Thermokarst subsidence and thermal erosion, caused by 

increased thaw of permafrost due to disturbance, resulted in the development 

of a hummocky topography and water-filled depressions at the drill site. Some 

ice wedges disturbed in 1949 are still melting. Soil disturbance ranges from 

minor modification to complete destruction of the soil morphology. The 

effects of hydrocarbon spills are still detectable in the soils. Little of 

the original vegetation remains in the intensely disturbed area, such as 
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around the drill pad where a grass-dominated community prevails. After 

28 years, the vegetation cover is closed over most mesic sites, shallow wet 

sites are well vegetated, and xeric sites, areas of diesel fuel spills, and 

areas of severe erosion remain mostly bare. Pioneering plant species on bare, 

disturbed areas are members of mature vegetation assemblages from the undis­

turbed tundra which have high reproductive and dispersal capacities. A hypo­

thetical model of natural revegetation and vegetation recovery is proposed. 

Recommendations on cleanup and restoration of sites are presented. 

61. Lee, C. R., Engler, R. M., and Mahloch, J. L. 1976. "Land Application 
of Waste Materials from Dredging, Construction, and Demolition Processes," 
Miscellaneous Paper D-76-5, US Army Engineer Waterways Experiment Station, 
Vicksburg, Miss. 

The paper is divided into two sections: (a) waste materials generated by 

the dredging process and (b) those generated by the construction and demoli­

tion processes. Quantities and the general physical and chemical characteris­

tics of the waste materials for each process are described. The potential use 

of these materials for land application for agricultural production is dis­

cussed, and other potential uses such as land improvement, wildlife habitat 

development, recreational facilities, and industrial and residential landfill 

are examined. The environmental impacts of using these materials are 

described, with emphasis on the legal restrictions and social/psychological 

concerns to be considered. 

62. Lunz, J.D. , Clarke, D. G., and Fredette, T. 19 84a. "Seasonal Restric­
tions on Dredging Operations; A Critical Review of the Arguments for Seasonal 
Restrictions with Suggested Criteria and a Method to Determine the Need for 
Seasonal Restrictions on Federal and Permit Dredging Projects," report pre­
pared by the Environmental Laboratory, WES, for the US Army Engineer District, 
New York, through the Dredging Operations Technical Support Program. 

After reviewing the occurrence and types of seasonal restrictions imposed 

on bucket dredging operations, the authors (a) discuss physical and chemical 

environmental alterations caused by bucket dredging operations, (b) propose a 

method for determining the need for seasonal restrictions, and (c) summarize 

technical literature pertinent to the principal biological issues most often 

given for seasonal restrictions on dredging operations. The appendix contains 
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habitat and life history information on selected important aquatic biological 

resources within the jurisdiction of the USAED, New York. 

63. Lunz, J.D., Clarke, D. G., and Fredette, T. J. 1984b. "Seasonal 
Restrictions on Bucket Dredging Operations, A Critical Analysis with Recommen­
dations," Proceedings of Dredging '84, ASCE Specialty Conference on Dredg i ng 
and Dredged Material Disposal, Clearwater Beach, Fla., pp 371-383. 

Seasonal restrictions are sometimes imposed on bucket dredging operations 

in response to concerns for potential impacts of sediment resuspension on 

various biological resources. Five broad categories of biological concern are 

identifiable : (a) survival and development of egg and larval stages of 

fishes, (b) survival and development of egg and larval stages of shellfishes, 

(c) survival and movements of subjuvenile fishes and shellfishes, (d) survival 

and movements of subadult and adult shellfishes, and (e) survival and move­

ments of subadult and adult fishes. Resource managers, handicapped by incon­

sistencies within the technical data base, often resort to establishment of 

rigid dredging window8, Sufficient evidence exists, however , to suggest that 

most life history stages of target biological resources are very tolerant of 

elevated suspended sediment concentrations and that rigid dredging windows are 

not justified. In place of dredging windows it is suggested that a standard­

ized list of questions be used to solicit specific information about the p r oj ­

ect and location. This information can be used to guide discussions and, con­

sequently, decisions about the need for restrictions. The questions require 

information about contaminant and physical properties of the sediment at the 

dredging location, the size and shape of the water body to be dredged, preva­

lent local hydrodynamic conditions, the occurrence of nearby important benthic 

and planktonic resources, proximity to a natural or dredged channel, and the 

natural turbidity characteristics of the water body. 

64. Lunz, J.D., Diaz, R. J., and Cole, R. A. 1978. ''Upland and Wetland 
Habitat Development with Dredged Material: Ecological Considerations," Tech­
nical Report DS-78-15, US Army Engineer Waterways Experiment Station, 
Vicksburg, Miss. 

Guidance on providing an ecological framework is presented for environ­

mental planners and managers considering the habitat development option of 

dredged material disposal. The report (a) identifies the historical 
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precedents for habitat development, (b) describes an ecological management 

philosophy relevant to habitat development decisions, (c) briefly summarizes 

current ecological theories and observations on natural plant habitat and 

animal habitat interactions, (d) presents some general design considerations 

for habitat development, and (e) considers special conditions (habitat dis­

placement and chemical mobilization) that modify dredged material disposal 

operations designed for habitat development. The four types of habitats dis­

cussed are upland mainlands and peninsulas, upland islands, wetlands, and 

aquatic habitats. 

65. Lunz, J. D., and Kendall, D. R. 1982. ''Benthic Resources Assessment 
Technique, A Method for Quantifying the Effects of Benthic Community Changes 
on Fish Resources," Proceedings of Marine Pollution Sessions of Oceans '82, 
Washington, DC. 

The US Army Engineer Waterways Experiment Station is developing anq field 

testing a technique called Benthic Resources Assessment Technique. This tech­

nique facilitates the development of a quantitative impact statement using 

data on changes in the benthos related to project activities. Additionally, 

it allows quantitative comparisons to be made between areas being considered 

for disposal and/or other modification during project planning and uses a 

measure with social significance (i.e., the potential productivity of the 

demersal fishery). 

66. McCutcheon, S. C. 1983. "Evaluation of Selected One-Dimensional Stream 
Water-Quality Models with Field Data," Technical Report E-83-11, US Army 
Engineer Waterways Experiment Station, Vicksburg, Miss. 

Evaluation of the US Geological Survey One-Dimensional Steady-State 

Stream Water- Quality Model (a modified Streeter- Phelps model), the QUAL II 

model (Southeast Michigan Council of Governments version), and the US Army 

Hydrologic Engineering Center's Water Quality for River-Reservoir Systems 

model indicated that these readily available models for simulating water qual­

ity downstream of reservoirs were of comparable accuracy and performed accord­

ing to their documentation . The evaluation was based on a wide range of 

accurate steady-state data collected on the Chattahoochee River in Georgia, 

the Willamette River in Oregon, and the Arkansas River in Colorado. 
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A number of differences exist among these three models; however, each 

model has the flexibility to make these differences relatively unimportant for 

typical water quality studies. Each model had minor coding errors which have 

been corrected. 

Modeling capabilities are summarized in tabular form to facilitate com­

parison and selection. Although the modified Streeter-Phelps and QUAL II 

models are equally valid, different modeling options may make one preferable 

depending on the specific modeling application . The Water Quality for River­

Reservoir Systems model is best limited to dynamic flow and water quality 

modeling because the data coding it requires is tedious and involved. How­

ever , the wide range of components in that model may be needed for steady­

state modeling under special conditions . 

67 . Naovi, S. M., and Pullen, E. J. 1982. "Effects of Beach Nourishment and 
Borrowing on Marine Organisms," MR 82-14, US Army Engineer Coastal Engineering 
Research Center, Fort Belvoir, Va. 

This report summarizes the latest research on the effects of beach 

nourishment and borrowing on the coastal environment. Guidelines are form­

ulated for sampling the beach and nearshore , and recommendations are provided 

for minimizing the impact of beach nourishment and borrowing. 

68. Nester, R. T., and Poe, T. P. 1982. "Effects of Beach Nourishment on 
the Nearshore Environment in Lake Huron at Lexington Harbor (Michigan)," 
MR 82-13, US Army Engineer Coastal Engineering Research Center, Fort Belvoir, 
Va. 

In October 1980 the US Army Corps of Engineers conducted a beach nourish­

ment project at the Lexington (Michigan) Harbor on the southwest shore of Lake 

Huron, a project designed to mitigate beach erosion attributable to the 

installation of the harbor. In response to a request from the Coastal Engi­

neering Research Center, the US Fish and Wildlife Service's Great Lakes Fish­

ery Laboratory conducted a Corps-funded study from June 1980 to October 1981 

along a 8.4-km segment of shoreline adjacent to the harbor to determine the 

effect of the Corp's beach nourishment project on the nearshore aquatic envi­

ronment. The study performed by the service included aerial photographic 

surveys of the study area; measurements of dissolved oxygen, turbidity, and 
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suspended pa r t icula t e matter levels; and collection of lake bottom sediment, 

macrozooben thos, and fi s h . 

69 . Newcombe , C. L., et al. 1979. 
San-Fr ancisco Bay, Cal i f ornia," MR 
Res earch Center, For t Be l voir, Va. 

"Bank Erosion Control wi t h Ve geta t ion, 
79-2, US Army Engineer Coastal Engineer i ng 

During 1975 to 1978, an intertidal shoreline stabilization study was con­

ducted to determine biological means of controlling erosion. California cord­

grass (Spartina foliosa) and mussels (Ischadium demissum) were used in San 

Pablo Bay and South San Francisco Bay, California. 

The study indicated that establishing cordgrass with seeds is not a 

practical method f or controlling erosion . Cordgrass plugs are more useful 

than sprigs while the cordgrass- mussel plugs, termed bioconstructs, are the 

most tolerant to erosion by waves. The cordgrass-mussel community biocon­

str ucts sur vived excep t ionally well dur ing the 13-month observation at Alameda 

Creek, a high-energy site. Once established, they are highly resistant to 

waves, will survive transplanting, and can be established in an area with up 

to a 7-km fetch without wave- stilling devices . 

The biomass of the aerial parts of 23 natural California cordgrass 

marshes averaged 1,062 g/sq m. The value is similar to those previously 

reported for smooth cordgras s (Spartina alterniflora) on the Atlantic coast. 

70. Nunnally, N. R., and Shields, F. D. 1985. "Incorporation of Environmen­
tal Features in Flood Control Channel Projects,'' Technical Report E-85- 3, 
US Army Engineer Waterways Experiment Station, Vicksburg, Miss. 

Channels modified for flood control often experience severe environmental 

degradation due to erosion and sedimentation, loss of vegetative cover, reduc­

tion in amount and value of habitat, and decline in aesthetic value. Many 

negative environmenta l impacts can be av oi ded by designing flood channels that 

are in harmony wi th other fluvial and biological systems and by incorporating 

environment al fea t ures into flood channel design. Environmental features are 

de fined as any s truc t ures or actions employed in the planning, design, con­

struction, or maintenance of flood control channels that produce environmental 

benefits. Environmental features may include modifications of standard 

techniques, such as selective clearing and snagging or single-bank 
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construction; modified channel designs, such as low flow channels, pools and 

riffles, and meandering alignments; structures for erosion and sediment con­

trol, water level management, and instream habitat; inclusion of recreational 

features in project design; and special designs and treatments for aesthetic 

purposes. Procedures are presented for the design of environmental features. 

These procedures are based largely on prior experience with the use of 

environmental features on modified channels and on fluvial processes and 

natural stream geometry. Tables are provided to help select the best environ­

mental features based on environmental objectives and stream and watershed 

conditions. 

71. Ocean Data System, Inc. 1978. Handbook for Terrestrial Wildlife Habitat 
Development on Dredged Material," Technical Report D-78-37 , US Army Engineer 
Waterways Experiment Station, Vicksburg, Miss. 

The results of a study of terrestrial wildlife habitat development on 

dredged material within the contiguous United States are compiled in a user­

oriented handbook . A general list of 250 plant species (including trees, 

shrubs, vines, herbs, and grasses) with food cover value for wildlife is 

indexed by life form and state; a synopsis is given for each of 100 plant 

species chosen from the general list on the basis of their importance to wild­

life , ease of establishment , and geographic distribution. Each synopsis 

includes a description and discussion of habitat, soil requirements, estab­

lishment and maintenance, disease and insect problems , and wildlife value. A 

range map and illustration are given along with appropriate miscellaneous com­

ments . The handbook also outlines a suggested approach for developing terres­

trial wildlife habitat on dredged material; discusses wildlife spec ies 

inhabiting dredged material areas; and recommend s techniques for propagation , 

establishment, and maintenance of plantings. Appendixes to this report con-

tain: (a) the list of 250 plants with food or cover value for wildlife, 

indexed by state and life form; (b) rare , endangered, or threatened species 

references; and (c) addresses for soil conservation service plant materials 

specialists, plant materials centers, and regional biologists. 

72. Palazzo, A. J. 1977. "Reclamation of Acidic Dredge Soils with Sewage 
Sludge and Lime at the Chesapeake and Delaware Canal," SR 77-19 , US Army 
Engineer Cold Regions Research and Engineering Laboratory, Hanover, N. H. 
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A field study was conducted to assess the effects of sewage sludge and 

lime on the revegetation and reclamation of acidic (pH 3.0) and i nf e rtile 

dredge soils. Sewage sludge at 100 metric tons/ha and lime at 25 metric 

tons/ha were applied during the summer of 1974 on a 7-ha site and plowed into 

the soil to a depth of 20 em. Soils were sampled 20 months after s l udge 

incorporation at three depths (0 to 20, 20 to 40, and 40 to 60 em) within the 

sludged and control areas. A total of 29 grass treatments, containing grasses 

seeded alone or in combinations, were also evaluated, and seven grass types 

were analyzed for mineral composition. Comparisons between the sludged and 

control areas in the layers from 0 to 20 em and below 20 em were made in terms 

of changes in soil and plant chemistry, plant utilization of soil minerals, 

plant adaptability and vigor, and eventual resulting vegetative cover. 

73 . Palazzo, A. J., Rindge, S.D., and Gaskin, D. A. 1980. "Revegetation at 
Two Construction Sites in New Hampshire and Alaska," CR 80-03, US Army Engi­
neer Cold Regions Research ahd Engineering Laboratory, Hanover~ N. H ~ 

Revegetation techniques were investigated for gravel soils in cold 

regions. Two gravel soil test sites were established in Hanover, N.H., and 

and Fairbanks, Alaska . During three growing seasons, the applicability and 

cost effectiveness of various nutrient sources and mulch materials were 

studied. The nutrient sources included sewage sludge (40, 60, and 

80 tons/acre)(approximately 90, 140, and 180 metric tons/ha) and commercial 

fertilizer (at 200, 400 and 600 lb/acre)(approximately 22, 45, and 67 g/sq m). 

The mulching materials were wood-fiber mulch with various types of tackifiers, 

peat moss, and sewage sludge. The effects of refertilization during the 

second growing season were also studied. 

74. Palermo, M. R., Montgomery, R. L., and Poindexter, M. E. 
lines for Designing, Operating, and Managing Dredged Material 
Areas" (Synthesis Report), Technical Report DS-78-10, US Army 
Waterways Experiment Station, Vicksburg, Miss. 

1978. "Guide­
Containment 
Engineer 

Dredged Material Research Program results pertinent to designing, oper­

ating, and managing dredged material confined disposal areas to meet required 

effluent solids standards and to provide adequate storage volume are summa­

rized. The guidelines are equally applicable to design of new confined 
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disposal areas and to evaluation of existing sites. Field investigations 

necessary to provide data for confined disposal area design are described. 

Sample type and location, sampling equipment, and sample preservation tech­

niques are included. Laboratory testing procedures required to obtain data 

for sediment characterization, disposal area design, and estimates of long­

term storage capacity are given, and procedures are described for confined 

disposal area design for retention of suspended solids based on solids removal 

through gravity sedimentation . Guidelines are presented for estimating gains 

in long-term storage capacity due to settlement within the confined disposal 

area . Design and operational procedures for weirs are presented based on the 

assumption that the capability for selective withdrawal of the clarified upper 

layer of ponded water will be provided. Confined disposal area management 

activities are described which may be considered as possibilities for 

improving efficiency and prolonging the service life of confined disposal 

areas. Appendixes to this report present: (a) detailed test procedures; 

(b) a summary of design data requirements; (c) example design calculations; 

and (d) summaries of research pertinent to designing, operating, and managing 

dre dged mater ia l confined dispos al a r eas . 

75. Parr, T. D. D., and Lacy , S. 1978. "Effects of Beach Replenishment on 
the Nearshore Sand Fauna at Imperial Beach , California , " MR 78-4 , US Army 
Engineer Coastal Engineering Research Center, Fort Belvoir, Va. 

This study evaluates the changes in intertidal and shallow subtidal sand­

bottom infaunal populations in response to the addition of approximately 

765 , 000 cu m of dredged material added to an eroded beach at Imperial Beach, 

Califor nia . 

The dredged material had a high proportion of fine materials with lesser 

amounts of shell fragments. Fine sediments were rapidly transported offshore 

while shells persisted on the beach. Measured beach effects were short term 

(5 weeks or less), involving increases in abundance, mostly of motile crusta­

cean species which brood their young. Planktonic recruitment of polychaetes 

was evident during this period. 

As the fine sediments worked offshore, silt and fine sand fractions 

increased in the bottom sediments. At subtidal depths, there was a positive 

correlation between the silt-clay fraction and number of species and 
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abundance. Overall abundance and diversity of the benthos were not adversely 

affected by beach replenishment. In response to an unpredictable, changing 

environment (erosion-deposition), most of the resident biota are short-lived, 

opportunistic species which are typically patchy in distribution both tempo­

rally and spatially. Possible longer term effects upon populations of longer 

lived species, such as the sand dollar, were not determined. 

76. Phillips, R. C. 1980. "Planting Guidelines for Seagrasses," CETA 80-2, 
US Army Engineer Coastal Engineering Research Center, Fort Belvoir, Va. 

An intensive review was made of the historical and present work on trans­

planting seagrasses, including eelgrass, turtle grass, shoalgrass, manatee 

grass, and ditch grass. The best seasons, recommended methods of transplant­

ing, and propagules to use for each species are listed for the coasts of the 

United States. Some of the more important environmental parameters which 

directly influence successful transplanting are reviewed. 

77. Ploskey, G. R. 1982. "Fluctuating Water Levels in Reservoirs; An Anno­
tated Bibliography on Environmental Effects and Management for Fisheries," 
Technical Report E-82-5, US Army Engineer Waterways Experiment Station, 
Vicksburg, Miss. 

This report contains 367 annotations describing the effects of fluctuat­

ing reservoir water levels on fish. Citations on phytoplankton, zooplankton, 

and water quality that pertain to reservoir fisheries are also included. An 

index to facilitate location of references dealing with specific topic areas 

is included as an appendix. 

78. Ploskey, G. R. 1983. "A Review of the Effects of Water-Level Changes on 
Reservoir Fisheries and Recommendations for Improved Management," Technical 
Report E-83-3, US Army Engineer Waterways Experiment Station, Vicksburg, Miss. 

This report synthesizes and summarizes information gathered from avail­

able sources about the physicochemical and biological effects of water-level 

changes on reservoir ecosystems. It describes how variations in both the 

physical environment (i.e., basin morphometry, bottom substrates and struc­

tures, erosion, turbidity, temperature, and water-retention time) and the 

chemical environment (i.e., nutrients and dissolved oxygen) caused by 
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water-level changes can directly influence a reservoir's production of fish. 

It also describes the complex ways in which water-level changes affect aquatic 

plants, zooplankton, and the benthos and how these trophic variations can 

eventually affect the growth, reproduction, and harvest of fish. 

The final part of the report summarizes the effects of drawdown and 

flooding on reservoir fish populations and recommends ways to manage reservoir 

fluctuation zones by making controllable variables as favorable as possible 

for fish survival, spawning, and feeding. 

79. Ploskey, G. R., Nestler, J. M., and Aggus, L. R. 1984. "Effects of 

Water Levels and Hydrology on Fisheries in Hydropower Storage, Hydropower 

Mainstream, and Flood Control Reservoirs," Technical Report E-84-8, US Army 

Engineer Waterways Experiment Station, Vicksburg, Miss. 

This report is a case- history evaluation of the effects of fluctuating 

reservoir water levels on the density and biomass of individual fish species 

or groups of fish species in hydropower storage, hydropower mainstream, and 

flood control reservoirs using correlation analysis and stepwise multiple 

regression. Correlation analysis was used to rank seasonal hydrologic vari­

ables according to their importance in predicting the abundance of reservoir 

fish. Stepwise multiple regression was used to generate regression equations 

describing the relationship between easily obtained hydrologic data and fish 

for 11 study reservoirs. In many cases, these equations can be used either to 

predict the effects of alter ing seasonal water levels in existing Corps of 

Engineers reservoirs or to predict which of several reservoir operation alter­

natives for a new reservoir will have the least negative effect on the reser­

voir fishery. 

80. Poore, A. B., and Loftis, B. 1983. "Water Quality Optimization Through 

Selective Withdrawal," Technical Report E-83-9, US Army Engineer Waterways 

Experiment Station, Vicksburg, Miss. 

This report discusses the problem of operating a multipurpose reservoir 

through regulation of a multilevel outlet works for a number of water quality 

objectives. Operation of a reservoir to meet downstream goals for multiple 

water quality parameters often results in conflict. A problem formulation and 

solution are presented as an attempt to resolve these conflicts. The 
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multiparameter reservoir regulation problem is formulated in terms of a scalar 

objective functi on, which indicates the relative value of any specified opera­

tional strategy, and a linear constraint set. These constraints include the 

hydraulic characteristics of the outlet works and any specified bounds on the 

release concentrations of the water quality parameters. Two different problem 

formulations are addressed. The target-concentration problem is formulated to 

achieve specific downstream target concentrations without actual constraints 

on the release concentrations. The constrained-concentration problem is for­

mulated to allow the specification of upper and lower bounds for all or some 

of the water quality constituents. Both formulations can accurately deal with 

the hydraulic complexity of a multilevel outlet works . 

The algorithms presented herein can be used to regulate a reservoir in a 

real-time mode in which the state of the system is known by actual measure­

ments. The algorithms can also be used with an ecosystem simulation model in 

which the state of the system is predicted. 

81. Pullen, E. J., and Yancey, R. M. 1979. "Beach Nourishment: Its Effect 
on Coastal Ecology," Proceedings of the 23rd Annual Meeting of the Florida 
Shore and Beach Preservation Association, Florida Sea Grant Marine Advisory 
Program, pp 51-64. 

Results of studies by the US Army Engineer Coasta l Engineering Research 

Center (CERC) on the ecological effects of beach nourishment, from 1971 to the 

present, are presented . The studies indicate that the area impacted by 

nourishment and dredging should be considered as three zone s for quantitativ e 

sampling because of the physical and biological conditions of the beach and 

nearshore areas. Based on CERC's results, nourishmen t operations (if properly 

planned) have only minor impacts on coastal resources, unle s s especially 

sensitive resources are involved (coral reefs, turtle habitat, shellfish beds, 

etc.) . Nearshore organisms are better adapted to being covered with sediment 

than offshore organisms. 

82. Raymond, G. L. 1984. "Techniques to Reduce the Sediment Resuspension 
Caused by Dredging, " Miscellaneous Paper HL-84-3, US Army Engineer Waterways 
Experiment Station, Vicksburg, Miss. 
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The US Army Engineer Waterways Experiment Stat ion's Water Resources 

Engineering Group is conducting field studies to evaluate new and existing 

dredging methods. Different dredge types produce different amounts of sus­

pended sediment in different parts of the water column. Resuspension caused 

by cutterhead and hopper dredges tends to remain in the lower water column, 

while bucket dredges increase resuspensions throughout the water columns. The 

amount of resuspension caused by a given dredge type also depends on the oper­

ating techniques used with the dredge. Sediment resuspension can be lessened 

by changing operating techniques, as in the case of the cutterhead, or by 

modifying the equipment, such as enclosing a clamshell bucket. Special­

purchase dredges can also be used to reduce sediment resuspension, but their 

lower production rates limit their application. 

83. Reilly, F. J., and Bellis, V. J. 1983. "The Ecological Impact of Beach 

Nourishment with Dredged Material in the Intertidal Zone at Bogue Banks, North 

Carolina," MR 83-3, US Army Engineer Coastal Engineering Research Center, Fort 

Belvoir, Va. 

During the winter and spring of 1977- 1978 approximately 1,600 m of high­

energy sandy ocean beach at Fort Macon State Park was nourished with sediments 

dredged from Morehead City State Port Harbor. This report is the result of a 

20-month study of the nourished beach and a comparable unnourished beach. 

There was a reduction in species diversity and abundance on the nourished 

beach while the unnourished beach remained stable , except for seasonal varia­

tions. It was found that a speedy recovery depended on recruitment from pela­

gic larvae stocks, and the turbidities associated with nourishment can prevent 

this recruitment. After nourishment, the intertidal species on the Fort Macon 

beach were mostly young of the year and therefore small in size, causing lower 

densities of important migra ting consumers. The beach showed signs of 

recovery. Only Emerita talpoids returned in near-normal densities; all other 

numerically important species returned, but in significantly lower density. 

84. Rindge, S. D., Gaskin, D. A., and Palazzo, A. J. 1979. "Utilization of 

Sewage Sludge for Terrain Stabilization in Cold Regions; Part 3," SR 79-34, 

US Army Engineer Cold Regions Research and Engineering Laboratory, Hanover, 

N. H. 
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The authors conducted a 2-year revegetation study to assess the ability 

of sewage sludge applications with or without supplemental fertilizer to pro­

mote plant growth and stabilize sloping soils. The study site was a west­

facing, 16-deg slope at CRREL in Hanover, N. H. Eight revegetation treatments 

and one control were replicated three times. Treatments involved applications 

of dewatered, anaerobically digested sewage sludge at two rates (20 and 

40 tons/acre)(approximately 44 and 89 metric tons/ha). The sludge was applied 

alone or in combination with commercial fertilizers which supplied nitrogen, 

phosphorus, and potassium. The seed mixture in the treatments contained four 

grasses and one legume. The effects of the various treatments were determined 

through soil loss yields, visual grass ratings, and plant yields. 

85. Rounsefell, G. A. 1972. "Ecological Effects of Offshore Construction," 
Journal of Marine Science, Vol 2, No. 1 (89 pp and appendixes). 

An evaluation of current knowledge of the probable ecological effe~ts of 

various types of offshore construction reveals slight danger from the majority 

of construction programs . Two dangers include the placement of artificial 

islands within or too close to estuaries , where they can significantly affect 

water exchange, and the proliferation of water-cooled nuclear power plants. 

86. Saloman, C. H., Naughton, S. P. and Taylor, J. L. 1982 . "Benthic 
Community Response to Dredging Borrow Pits, Panama City Beach, Florida," 
MR 82-3, US Army Engineer Coastal Engineering Research Center, Fort Belvoir, 

Va. 

This report gives biological and physical oceanographic data from base­

line work and studies of dredged and undredged sediments before and after 

dredging (9-m contour) for beach nourishment at Panama Ci t y Beach, Florida. 

These studies were designed to show major short-term environmental effects of 

offshore dredging and included analysis of hydrology, sediments, and benthos. 

The study showed that recovery began soon after dredging and was complete, or 

nearly so, within 1 year. These results were similar in most respects to 

those from study of offshore dredging elsewhere in comparable geographic set­

tings. Even so, the need for close association between ecological research 

and coastal engineering programs is emphasized. 
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87. Sherk, J. A., Jr., et al. 1974. "Effects of Suspended and Deposited 

Sediments on Estuarine Organisms," Chesapeake Biological Laboratory Reference 

No. 74-20, Final Report, Natural Resources Institute, University of Maryland, 

College Park, Md. 

A 3-year laboratory study identified the biological effects of (a) sus­

pended mineral solids similar in size to sediments likely to be found in, or 

added to, estuarine systems in concentrations typically found during flooding, 

dredging, and disposal of dredged material, and (b) natural sediments. Gen­

erally, bottom-dwelling fish species were most tolerant to suspended solids; 

filter-feeders were most sensitive. Early life stages were more sensitive to 

suspended solids than adults. Carbon assimilation by four species of phyto­

plankton was significantly reduced by the light-attenuating properties of fine 

silicon dioxide suspensions. Ingestion of radioactive food cells by two spe­

cies of calanid copepods was significantly reduced during exposure to suspen­

sions of fuller's earth, fine silicon dioxide, and natural Patuxent River 

silt. 

88. Shields, F. D., Jr. 1982. "Environmental Features for Flood-Control 

Channels," Technical Report E-82-7, US Army Engineer Waterways Experiment 

Station, Vicksburg, Miss. 

This report presents and documents preliminary findings of an information 

review performed to develop environmental guidance for flood control projects 

that involve modification of natural stream channels by clearing and snagging, 

alignment, enlargement, and lining . The response of the fluvial system to 

modification sometimes results in unintentional or unforeseen environmental 

impacts. 

The adverse environmental impacts of channel enlargement can be reduced 

by following the existing channel alignment and excavating from one side only. 

Floodways may be used to preserve portions of the existing channel and its 

associated aquatic habitat. Low-flow channels may be constructed inside a 

larger channel, or the existing channel may be preserved as a low-flow 

channel. Pools and riffles may be constructed. Water control structures may 

be placed in the channel to maintain water levels for aquatic habitat and 

aesthetics and to prevent invasion and blockage. Meander loops may be 

maintained as small ponds or wetlands. 
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Many of the adverse impacts of channel work can be avoided by preserva­

tion of existing valuable vegetation and by prompt revegetation with 

appropriate species . Aquatic habitat diversity may be restored to a modified 

channel by placing simple habitat structures in the channel to create vertical 

relief, nonuniform flow patterns, and stable substrate. Biological recovery 

of some modified streams may be improved by armoring the new channel with bio­

logically desirable coarse bed material. Adverse impacts of channel lining or 

paving may be addressed by incorporating natural materials such as boulders in 

the lining, by ponding water in the lined channel, and by constructing low­

flow channels, fishways, pools, and spawning channels. 

89. Shields, F. D., Jr., and Palermo, M. R. 1982 . ''Assessment of Environ­
mental Considerations in the Design and Construction of Waterway Projects," 
Technical Report E-82-8 , US Army Engineer Waterways Experiment Station, 
Vicksburg, Miss. 

This report identifies factors and constraints in design and construction 

of waterway projects affecting environmental quality . Waterway projects 

covered in this report include channel modifications for flood control and 

navigation, dikes, streambank protection, and levees. Locks and dams and 

flood control dams are not addressed. Flood control channel modifications 

include clearing and snagging; channel enlargement, alignment, and relocation; 

and channel stabilization using grade control structures or streambank 

protection. 

Adverse environmental impacts of flood control channel modification 

include loss of valuable habitats and habitat diversity, channel instability, 

reduction of aesthetic value, water quality degradation, and undesirable 

hydrologic changes. The severity and nature of environmental impact vary 

considerably from project to project. Methods to reduce adverse impacts 

include stream restoration, artificial instream structures, modified channel 

cross sections, and management of cutoff meanders. 

Immediate and eventual losses of backwater habitat are a major impact of 

navigation channel modification projects. The major environmental impact 

associated with dikes is the reduction in water surface area and loss of 

habitat diversity due to sediment accretion in the dike field. In some situa­

tions, the rate of sediment accretion may be reduced by constructing notches 

or gaps in the dikes. 
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Major adverse effects of streambank protection include loss of riparian 

vegetation and reduction in the rate of channel migration. Innovative stream­

bank protection designs that reduce adverse impacts feature vegetation and 

combinations of structures and vegetation. 

The major environmental impact of levees is land use changes triggered by 

the creation of drier conditions on the landside. Recent efforts to 

incorporate environmental considerations in levee projects include management 

of vegetation on and around levees for wildlife and aesthetics and recrea­

tional features. 

90. Skjei, S. S. 1976. "Socioeconomic Aspects of Dredged Material Disposal: 

The Creation of Recreation Land in Urban Areas," Contract Report D- 76-6 , 

University of Virginia, Charlottesville, Va. 

The legal, institutional, sociological, and economic factors affecting 

the recreational use of dredged material disposal sites are presented, with 

emphasis placed on the factors which would constrain the creation of shoreline 

or offshore recreational land . Factors influencing supply of and demand for 

outdoor recreational facilities are discussed. The National Environmental 

Policy Act of 1969, the Fish and Wildlife Coordination Act, and the Coastal 

Zone Management Act are reviewed in detail to determine what effect they would 

have on the recreational use of dredged material sites. The activity- specific 

(market-demand) approach, used to estimate benefits for recreational facili­

ties which could be created from dredged material, is described and applied to 

proposed recreational uses of dredged material dispos al sites in Baltimore, 

the New York region, and the Los Angeles Harbor. Findings indicate that 

dredged material can be used in an economically feasible manner, that derived 

benefits would be substant i al, and that environmental concerns a re not insur­

mountable. However, financial resources available to local communities could 

be an important constraint. Appendixes to this report present (a) a summary 

of the problems and practices associated with dredged material disposal foy 

selected Corps of Engineer Districts and (b) the procedures used to estimate 

benefits from the recreational use of dredged material. 

91. Smith, H. K. 1978. "An Introduction to Habitat Development on Dredged 

Material" (Synthesis Report), Technical Report DS-78-19, US Army Engineer 

Waterways Experiment Station, Vicksburg, Miss. 
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Four general habitat types are suitable for establishment on dredged 

material: marsh, upland, island, and aquatic. Conditions favoring habitat 

development are described, and a general habitat selection procedure is 

outlined. The rest of the report deals with more specific aspects of marsh, 

upland, island, and aquatic development. The advantages and disadvantages of 

each alternative are considered, and procedural guidelines are provided. 

Factors considered include characterization of the dredged material, site 

selection, engineering, cost of alternatives, sociopolitical implications, and 

environmental impacts. Techniques for actual construction and development of 

a specific habitat are not discussed. A selected bibliography of Dredged 

Material Research Program reports pertinent to habitat development is 

appended. 

92. Soots, R. F., Jr., and Landin, M. C. 1978. "Development and Management 

of Avian Habitat on Dredged Material Islands" (Synthesis Report), Technical 

Report DS-78-18, US Army Engineer Waterways Experiment Station, Vicksburg, 

Miss. 

Seven regional studies were conducted throughout Corps of Engineers­

maintained waterways to determine dredged material island use by nesting 

water birds and the succession of vegetation on these islands as affected by 

bird use, to compare diked and undiked islands and natural and man-made 

islands and sites, and to study migratory and year-round use of dredged mate­

rial islands. These data and pertinent management information are synthesized 

in this report . Recommendations and guidelines for management of existing 

dredged material islands and creation of new islands are presented. Five major 

factors determining selection for water bird colony sites on dredged material 

islands are set forth: isolation from predators and humans, habitat 

diversity, nesting substrate stability, species behavioral characteristics, 

and species feeding and foraging habits. Management for water bird colonies 

has been proven feasible and may be accomplished through incorporation of 

management plans into routine dredging operations, interagency cooperation, 

and public education and cooperation. Dredged material islands often are 

crucial habitat for colonial water birds and should be maintained and managed 

as such. Appendixes to this report present (a) scientific and common names of 

flora and fauna mentioned in the text, (b) a bibliography of pertinent 
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research on colonial water birds and their management, and (c) an example of a 

management plan. 

93. Spaine, P. A., Llopis, J. L., and Perrier, E. R. 1978. "Guidance for 

Land Improvement Using Dredged Material" (Synthesis Report), Technical Report 

DS-78-21, US Army Engineer Waterways Experiment Station, Vicksburg, Miss. 

Concepts and guidelines for planning and implementing land improvement 

projects using dredged material are provided. Information is drawn from 

Dredged Material Research Program research reports, literature surveys, field 

demonstrations, and greenhouse studies. Environmental, technical, economic, 

social, and legal aspects of projects are presented as well as outlines of 

project planning procedures and dredged material transport systems. Three 

dredged material land improvement techniques are detailed: surface mine 

reclamation, sanitary landfill, and agricultural use. Planning, construction, 

and equipment considerations are presented for each technique. Local, State, 

and Federal government sources which have jurisdiction or expertise in the 

various aspects of land improvement projects are included. The report 

describes techniques for land improvement which utilize dredged material 

productively as alternatives to conventional disposal methods in regions where 

land acquisition is difficult and open-water disposal infeasible. The 

Appendixes provide (a) summaries of research pertinent to this study, (b) the 

Interim Report on Surface Mine Reclamation Demonstration , and (c) three tables 

on potential vegetative covers for land improvement projects using dredged 

material. 

94. Thompson, J. F. and Bernard, R. S. 1984. "Numerical Modeling of 

Two-Dimensional Width-Averaged Flows Using Boundary-Fitted Coord inate 

Systems," Technical Report E-85-9, US Army Engineer Waterways Experiment 

Station, Vicksburg, Miss. 

Finite-difference solution of two-dimensional (2D), time-dependent width­

averaged Navier-Stokes equations, including an algebraic turbulence model, 

based on a numerically generated boundary-fitted coordinate system, is dis­

cussed. This solution, implemented by the WESSEL computer code, is applicable 

to 2D regions of arbitrary shape, with multiple inlets and outlets, and with 

obstacles in the interior. A choice of central, upwind, or ZIP differencing 
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of the convective terms is provided. One-sided differencing is used for the 

continuity equation. The density is taken to be a function of the tempera­

ture, and the system of equations forming the model consists of the continuity 

equation, the two momentum equations, and the energy equation. Arbitrary dis­

tribution of velocity and temperature (or density) can be specified on the 

inlets and outlets. The solution is implicit in time, with the difference 

equations being solved simultaneously by SOR (successive over-relaxation) 

iteration at each time step. Pressure is calculated via Chorin's method . 

This solution is deoigned specifically to include the modeling of the water 

quality in selective withdrawal from reservoirs, and results for one configu­

ration related to the application are given. 

95. Turbeville, D. B., and Marsh, G. A. 1982. "Benthic Fauna of an Offshore 
Borrow Area in Broward County, Florida," MR 82-1, US Army Engineer Coastal 
Engineering Research Center, Fort Belvoir, Va. 

Benthic fauna from two stations within a 5-year-old borrow area and two 

control stations off Hillsboro Beach (Broward County), Florida, were sampled 

quarterly from June 1977 to March 1978 to evaluate the long-term impact of 

offshore dredging. 

96. US Army Engineer Waterways Experiment Station, Environmental Laboratory. 
1978. ''Wetland Habitat Development with Dredged Material; Engineering and 
Plant Propagation" (Synthesis Report), Technical Report DS-78-16, Vicksburg, 
Miss. 

Pertinent literature and research of the Dredged Material Research Pro­

gram (DMRP), including six major marsh development field sites, are synthe­

sized. Guidelines for developing marsh habitat are presented: (a) planning 

the project in relation to the proposed site and project goals; (b) engineer­

ing construction of the site including dredging operations; (c) propagation, 

maintenance, and monitoring of the site as habitat, including potential prob­

lems that may be encountered; and (d) costs. Emphasis is placed on engineer­

ing and plant propagation. Engineering aspects and design of potential sites 

are discussed and include protective and retention structures, substrate and 

foundation characteristics, dredging operations, and elevation and drainage 

requirements. Phases of plant propagation are detailed in the text and 
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tables: selecting plant species for the site, collecting and storing plant 

materials, selecting a propagule type, planting the site, maintaining and 

monitoring the site, pilot studies, costing the work, and allowing natural 

colonization. Tables of 115 selected plant species showing best propagules; 

occurrence by region and whether now occurring on dredged material; growth 

requirements; propagule handling methods; soil, salinity, and inundation 

tolerances; and other pertinent information are given. Appendixes to this 

report contain (a) a list of DMRP reports pertinent to marsh development; 

(b) common and scientific names of plants and animals mentioned in the text, 

appendixes, and tables; and (c) a synopsis of 28 plant species discussing 

their characteristics, value, and potential use on dredged material. 

97. Van Dolah, R. F., Knott, D. M., and Calder, D. R. 1984. "Ecological 

Effects of Rubble Weir Jetty Construction at Murrells Inlet, South Carolina; 

Volume I: Colonization and Community Development on New Jetties," Technical 

Report EL-84-4, US Army Engineer Waterways Experiment Station, Vicksburg, 

Miss. 

Quarrystone jetties constructed at Murrells Inlet, South Carolina, were 

studied over a 4-year period to evaluate community development patterns of 

biota colonizing the rocks. Sessile macroinvertebrates and algae were quanti­

tatively assessed using line- transect and photographed- quadrat censusing tech­

niques. Motile epifauna were also quantitatively sampled using a suction 

device, and fishes were qualitatively assessed using gill nets, hook and line, 

traps, and seine net, and through visual observations while scuba diving. 

The results documented that both jetties were rapidly colonized by 

sessile and motile biota . Within 1 year after cons truction, faunal and floral 

coverage of the rock was equivalent to subsequent sampling periods, as were 

estimates of species diversity and abundance. Distinct vertical zonation of 

sessile biota was also observed within 1 year, with distribution patterns 

generally remaining similar throughout the study period. Vertical gradients 

in the distribution of motile fauna were noted intertidally versus subtidally. 

Community composition, on the other hand, changed both seasonally and yearly. 

Community structure appeared to change less over time in intertidal areas than 

in subtidal areas, where marked changes in dominant sessile taxa were observed 

between sampling periods. No stable or "climax" jetty community was apparent 

subtidally after 3 to 4 years, and other studies suggest that such a community 
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is not likely to occur. Fish found around the jetties were abundant and 

included several recreationally important species. Stomach content analysis 

indicated that the jetty biota was an important food resource for several 

fishes. In addition, at least one species, black sea bass, was using the 

rocks as a nursery area. 

98. Walsh, M. R., and Malkasian, M. D. 1978. "Productive Land Use of 

Dredged Material Containment Areas: Planning and Implementation Considera­

tions" (Synthesis Report), Technical Report DS-78-20, US Army Engineer Water­

ways Experiment Station, Vicksburg, Miss. 

General guidance is provided for planning and implementing the land use 

of dredged material confined disposal areas. Seven productive land use 

categories are defined based on functional use: recreational (commercial and 

noncommercial), industrial/commercial (including horticulture and maricul­

ture), institutional (including public transportation), material transfTr, 

waterway-related, and multiple purpose. Engineering, environmental, sotio­

economic, and legal and institutional considerations that are important with 

regard to disposal-productive land use projects are reviewed. A land value 

methodology is included which provides estimates of (a) the direct market 

value of the created land and (b) related community benefits and adverse 

impacts from the productive land use. Planning and implementation factors for 

disposal-productive use projects are examined, and policy and planning issues 

affecting the land use of dredged material confined disposal areas are dis­

cussed. Appendixes to this report present (a) Task SD research report 

abstracts and (b) an example of State law matrix. 

99. Walski, T. M., and Schroeder, P.R. 1978. ''Weir Design to Maintain 

Effluent Quality from Dredged Material Containment Areas," Technical Report 

D-78-18, US Army Engineer Waterways Experiment Station, Vicksburg, Miss. 

A procedure is developed for designing and operating weirs to maintain 

good effluent quality, given a flow and dredged material type. Stratified­

flow and sediment-transport models were investigated to describe the depth of 

withdrawal, velocity profile, and effluent suspended solids concentration, 

given a concentration profile and flow. Field data on these parameters were 

collected at three sites--Yazoo River, Mississippi, and Flow River and Oyster 
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Bay, Alabama. The WES selective withdrawal model developed by Bohan and 

Grace, modified to fit observed data, was selected as the basis of the design 

procedure. Using this model, nomograms were developed for the design proce­

dure for silt and saltwater clays and for freshwater clays. The nomogram 

relates the flow, weir length, ponding depth, and effluent suspended solids 

concentration. The designer manipulates these four variables until a satis­

factory balance is reached between weir length and ponding depth, based on his 

design flow and effluent goal. Modified versions of these nomograms are 

presented in final guidelines contained in Technical Report DS-78-10. Sharp­

crested rectangular or shaft-type weirs are recommended . Guidance for opera­

tion of the weir for special applications also is presented. Appendixes to 

the report give (a) equations to relate density and solids concentration and 

(b) withdrawal depth and velocity profile models. 

100. Webb, J. W., and Dodd, J.D. 1978. "Shoreline Plant Establishment and 

Use of a Wave-Stilling Device," MR 78-1, US Army Engineer Coastal Engineering 

Research Center, Fort Belvoir, Va. 

The establishment and development of smooth cordgrass transplants on a 

2-percent slope behind a wave - stilling device constructed of two tiers of 

tires strung on a cable were monitored along the north of East Bay in Texas. 

Two previous plantings on the sloped area, the first without wave protection 

and the second behind one tier of tires, were unsuccessful. After a second 

tier of tires was placed on top of the original tier, enough protection was 

provided from waves to allow successful planting. A 0.15- m buildup of sedi­

ment occurred directly behind the ba rrier. 

Smooth cordgrass survival was approximately 50 percent, and more than 

100 stems/sq m we r e counted in some areas 1 year after planting . Density and 

height of smooth cordgrass increased with increasing hours of inundation. 

Gulf cordgrass, marshhay cordgrass, and saltgrass survived better than smooth 

cordgrass above mean high water (MHW). At the highest elevation (0.6 m above 

MHW), survival was limited, regardless of species. Needlegrass rush trans­

plants failed to survive in significant numbers. With adequate wave protec­

tion, smooth cordgrass can be established below MHW in estuarine areas. Gulf 

cordgrass, marshhay cordgrass, and saltgrass can be used above MHW for shore­

line protection. 
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101. Whitlow, T. H., and Harris, R. W. 1979. "Flood Tolerance in Plants: A 
State-of-the-Art Review," Technical Report E-79-2, US Army Engineer Waterways 
Experiment Station, Vicksburg, Miss . 

Basic aspects of flood tolerance in plants and the applied aspects of 

establishing vegetation on reservoir shorelines are discussed through a 

comprehensive literature review. Flooding imposes complex stresses on many 

vascular plants, most of which arise from the depletion of oxygen in the 

flooded soil. Plants avoid or mitigate oxygen depletion stresses by either 

transferring oxygen into their roots via anatomical modifications in the shoot 

and/or by utilizing anaerobic respiration pathways in their roots. 

In addition to a plant's ability to withstand soil anaerobiosis, plant 

age, plant size, flood depth, flood duration, flood timing, substrate composi­

tion, wave action, and other factors determine survivorship when plants are 

flooded. Studies are reviewed that correlate these factors with species 

tolerances. A detailed summary of research relating directly to reservoir 

revegetation is provided, and species tolerances are assessed for each 

US Army Engineer Division. Techniques for the establishment of vegetation 

around reservoirs are discussed, as are examples of species mortality 

prediction and impact assessment. 

102. Woodhouse, W. W., Jr. 1979. "Building Salt Marshes Along the Coasts of 
the Continental United States," SR-4, US Army Engineer Coastal Engineering 
Research Center, Fort Belvoir, Va. 

This is the first comprehensive report on coastal marsh creation in the 

continental United States. This report provides potential users an analysis. 

and interpretation of the available information on this subject. The role of 

marshes, the feasibility of marsh creation, and the effects of elevation, 

salinity, slope, exposure, and soils on marsh establishment are discussed. 

Plants suitable for marsh building are described by the major regions. Plant 

propagation, planting, fertilization, and management of the major plants are 

discussed. Labor and material requirements for marsh creation are summarized. 

103. Woodhouse, W. W., Jr., Seneca, E. D., and Broome, S. W. 1974. ''Prop­
agation of Spartina alterniflora for Substrate Stabilization and Salt Marsh 
Development," TM-46, US Army Engineer Coastal Engineering Research Center, 

Fort Belvoir, Va. 
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This report describes techniques developed for the propagation of 

Spartina aZternifZora (smooth cordgrass) in the intertidal zone of dredged 

material and eroding shorelines. Both seeding and transplanting methods were 

successful. The relationship of mineral nutrition to productivity of S. 

aZternifZora was also determined. 
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